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CLAIMS 

WE CLAIM: 

providing a second discrete amount of the etchant recipe 
feeding cycles for removing the sacrificial materials. 

2 The method of claim 1 , further comprising: 

filling the etch system with the first amount of the etchant. 

3 The method of claim 1 , further comprising: 

filling the etch system with the second amount of the etchant. 

lofthe firstfeeding cycle; and whereinthe second amount of etchant is fed during a 
second time slot of the second feeding cycle. 

5 The memod of claim 2, wherein the rime interval between Ihe « and second time 
slot does not eqnal the time interval of the first feeding cycle. 

6. The method of Cairn .. wherein me time interval of the firs, feeding cycle does no, 
eqnal the rime interval of the second feeding cycle. 

, ThemeflrodofclaimLwhereinmereeipecomprisesasponUneorrsvaporphase 
,he amount of fire erchant in fire second amonn. of the etchant recpe. 
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8 The method of elaim 1 , wherein .he time interval between the provisions of the firs, 
amount of the etehan. reeipe and the seeond amount of the recipe is predetermmed. 

9 The method of claim 1. further comprising: providing a fhtrd amount of the etchant 
.eeipe during a third feeding cycle of the sequence offending cycles from removing the 
Jw mlriah and wherein the time interval hetween the provisions of me firs, amoum 
of the efcham and <he seeond amoun, of me Cchan, does no, nana, me time mterval henveen 
*. provisions of the second amoun, of me e,cha« and me third amoun, of me efcham. 

10 The method of claim 1, further comprising: 

determining whether me amoun, of me sacrificial material inside .he efoh chamher , 

below a predetermined value. 

, ,. The method of claim 10, wherein .he predefined value is 1% of Ore Ml amoun. 
of the sacrificial materials before etching. 

1 2 The method of claim 1 0, further comprising: 

dynamically detecting a concentration of an etching product; and 
comparing the detected concentration with a predetermined value. 

13 The method of claim 12, further comprising; 

if a change of the detected concentration over a time unit is lower than a 
predetermined value, stopping the etching process. 

14 The method of claim 12, further comprising: 

if a change of the detected concentration over time is equal to or lower than the 
predetermined value, feeding the second amount of etchant into the etch chamber. 

15. The method of claim 1, wherein the step of providing the first amount of the etchant 
farther comprises: 
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(a, ea.bli.htag a firs, pressure inside a firs, chamber, wherein fire firs, pressure is 
eq ua, ,0 or >ower ton a pressure ta a second chamber ma, conlatas a spontaneous vapor 

phase etchant; 

(b) filling the first chamber with the etchant; 

(c) filling the first chamber with a diluent gas such that the pressure inside the first 
chamber reaches a second pressure that is higher than the first pressure; and 

(d) circulating the etchant and the diluent gas through the etch chamber. 

16 The method of claim 15, further comprising: 

' establishing ,he second pressure inside me e,ch chamber by filling me etah chamber 
with the diluent gas before executing step (a). 

17. The method of claim 16, wherein the step of (a) further comprises: 
maintaining the second pressure inside the etch chamber. 

18. The method of claim 16, wherein the step of (b) further comprises: 
maintaining the second pressure inside the etch chamber 

19. The method of claim 1, wherein the etchant recipe comprises a spontaneous vapor 
phase noble gas halide. 

20. The method of claim 19, wherein the noble gas halide comprises xenon difluoride. 

21. The method of claim 1, wherein the etchant recipe comprises a spontaneous vapor 
phase interhalogen. 

22. The method of claim 19, wherein the interhalogen comprises bromine trichloride. 

23. The method of claim 1, wherein the etchant recipe comprises is a spontaneous vapor 
phase HF. 
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24. The method of claim 1, wherein .he e,ehan, recipe comprises a diluent gas that is an 
inert gas. 

25 . The medrod of Cairn 24, wherein the inert gas is selected from N„ He, Ar, Kr and Xe. 

26. The method of claim .5, wherein the second chamber has a temperature equal to or 
higher than the temperature of rhe first chamber. 

27. The method of claim 26, wherein me temperature of.be second chamber is around 
25° degrees. 

28 The method of claim 1 5, wherein .he second chamber has a euhica! volume equal to 
or less than one twentieth of a cubical volume of the etch chamber. 

29 The medrod of claim 1 5, wherein the s.eps (a) through (d) are sequentially executed 
ra eh that a total <irne of the sequential execution is from 7.5 seconds to 1 5 seconds. 

30. The method of claim 15, wherein the step (a) is executed for a time from 100 to .500 
milliseconds. 

31. The method of claim 15, wherein the step (b) is executed for a time around 500 
milliseconds. 

32. The method of claim 15, wherein the step (c) is executed for a hme from 1000 to 3000 
milliseconds. 

33 The method of claim 15, further comprising: 

breakthrough etching the sample before establishing the second pressure insxde the 

etch chamber. 

34. The method of claim 15, further comprising: 
coating the sample with a SAM material. 
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35 . The method of Cairn ., wherein the etchan, has a pressure from 0.1 fo 

3, The memod of Cain, 1, «* —* — " " ** 

after the removal of the sacrificial material. 

film. 

selected from Al, Ir, Ti, Ag, W, 



39. 
Ta and Mo 



The method of claim 38, wherein the metal element is ■ 



40. 

WTa x . 



The method of claim 38, wherein .he meta, compound is seiecred mom W A.„ A1TW 



41. 

and metal silicide. 

42 ^^^41.^*.^^*.-^^^^ 
MoSi x , TiSi x , ZrSi x , CrSi x , TaSi x , AlSi x Cu y and TiW x Si, 

v. „ f , a ^38 wherein the ceramic material is selected from silicon nitride, 
A* The method of claim 38, wnerem uic ^ 

TiSi x Ny, and TaSi x N y . 

45 . A method for etc„,n g a samp.e in an erch chamher, me medmd comprising: 
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(a) establishing a firs, pressure inside a tot chamber, wherein .he firs, pressure is 
eq „a. to or lower ton a pressum in a second chamber to. conhuns a spontaneous vapor 

phase etchant; 

(b) filling the first chamber with the etchant; 

(c) filling the first chamber with a diluent gas such that the pressure inside the first 
chamber reaches a second pressure that is higher than the first pressure; and 

(d) circulating the etchant and the diluent gas through the etch chamber. 

46 The method of claim 45, further comprising: 

establishing the second pressure inside the etch chamber by filling the etch chamber 
with the diluent gas before executing step (a). 

47. The method of claim 46, wherein the step of (a) further comprises: 
maintaining the second pressure inside the etch chamber. 

48. The method of claim 46, wherein the step of (b) further comprises: 
maintaining the second pressure inside the etch chamber 

49. The method of claim 45, further comprising: iterating an execution comprising the 
steps (a), (b), (c) and (d) a number of times. 

50. The method of claim 45, wherein the etchant is a spontaneous vapor phase noble gas 
halide. 

51. The method of claim 50, wherein the noble gas halide comprises xenon difluoride. 



52. The 
interhalogen 



method of claim 45, wherein the etchant is a spontaneous vapor phase 



53. The method of claim 52, wherein the interhalogen comprises bromine trichloride. 

54. The method of claim 45, wherein the etchant is a spontaneous vapor phase HF. 
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55. The method of claim 45, wherein the diluent gas is an inert gas. 

56 . The method of daitn 55, wherein the inert gas is selected from N„ He, Ar, Kr and Xe. 

57. The method of claim 51, wherein the second chamher has a temperature eo.ua. to or 
higher than the temperature of the first chamber. 

58 . The merhod of claim 53, wherein the temperas of the second chamher ,s around 
25° degrees. 

59 The meurod of claim 45, wherein the second chanter has a cubical volume equal to 
or less than one twentieth of a cubical volume of the etch chamber. 

60 The method of claim 45, wherein the steps (a) tough (d) are sequential executed 
such that a tota. time of the sequential execution is from 7.5 seconds to 15 seconds. 

,,. The method of claim 45, wherein the step (a) is executed for a time from 100 to 1500 
milliseconds. 

62 . The method of claim 45, wherein the step (b) is executed for a toe around 500 
milliseconds. 

63. Theme,h„dofc 1 aim45,wberein.he,tep(c)i S execu K dforaHme ft om 1000,oa000 
milliseconds. 

64 The method of claim 46, further comprising: 

breakthrough etching the sample before establishing the second pressure ms.de the 

etch chamber. 

65 The method of claim 49, further comprising: 

detecting a status of a chemical species flowing out from the etch chamber; 
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performing a first iteration of the execution comprising the steps (a) through (d); . and 
performing a second iteration of the execution comprising the steps (a) through (d) 
after the first iteration depending upon the detected status of the chemical specs. 

66. The method of claim 65, wherein the status of the chemical species is the mole mass. 



67 The method of claim 65, further comprising: 

stopping etching the microstore when the status of the chemical species reaches a 

predetermined value. 

68. The method of claim 67, wherein the status of the chemical species is an etching rate. 

69. The method of claim 67, wherein the predetermined value is 1% or less. 

70. The method of claim 67, wherein the chemical species is selected from SiF, SiF 3 and 
SiF 4 . 

71. The method of claim 67, further comprising: 
coating the sample with a SAM material. 

72 A method, comprising: 

loading a microstore into an etch chamber, wherein the microstore composes 
a sacrificial material and one or more structural materials; 

circulating a first amount of spontaneous vapor phase etchant recipe via a first loop 
that passes through the etch chamber for removing the sacrificial material; and 

circulating a second amount of the etchant recipe via a second loop that passes 
through the etchchamberandafirst chamber other than the etch chamber for removing the 
sacrificial material, wherein the first chamber is not part of the first loop . 

73 The method of claim 72, wherein the step of circulating the first amount of etchant via 
the first loop is performed for a time period determined by a chemical reaction rate of the 
etchant with a component of the sample. 
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74. The method of claim 73, wherein the time period is from 500 to 3500 milliseconds. 

75. Tbe method of claim 74, wherein the time period is from 1000 to 3000 milliseconds. 

76. The method of claim 73 , further comprising: 
detecting a status of a chemical species; and 

stopping the etching process when the status of the chemical species reaches a 
predetermined value. 

77. The method of claim 73, wherein the chemical species is selected from SiF, SiF 3 and 
SiF 4 ; and wherein the status is molar mass. 

78 The method of claim 72, wherein the step of circulating the second amount of etchant 
recipe via the second loop is performed when the first amount of the etchant recipe reaches a 
critical value. 

79 The method of claim 78, wherein the critical value of the etchant is dynamically 
determined based on a chemical reaction between the etchant and a component of the sample. 

80. The method of claim 72, wherein the etchant recipe comprises a spontaneous vapor 
phase noble gas halide. 



81. The 



method of claim 80, wherein the noble gas halide is xenon difluoride. 



82. The method of claim 72, wherein the etchant recipe comprises a spontaneous vapor 
phase interhalogen. 



83. The 



method of claim 82, wherein the interhalogen comprises bromine trichloride. 



84. The method of claim 72, wherein the etchant recipe comprises a spontaneous vapor 
phase HF. 
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85. The method of chin, 72, wherein the etchan. reeipe comprises a diluent gas. 

86. The method of claim 85, wherein the dilnent gas is an inert gas. 

87 . The method of Calm 86, wherein the inert gas is selected from N 2 , He, At, Kr and Xc. 

88 The method of claim 72, wherein the etchan, recipe comprises a spontaneous vapor 
phaseerhant.andwhereinmeamonn.of.hee.hantinthenrstamonntofmeetchantrecrpe 

equals the amonn, of the etcha»t in the second amonnt of ore e K han, recrpe. 

8, The method of Cairn 72, wherein the etchan. recipe comprises a spontaneous vapor 
LellMndwherelntheamountofmeetchantrn.enrstamountof.eetch.ntrec.pe 

00. The method of claim 81, wherein the struchrral materia!, remain in the microshuoure 
after the removal of the sacrificial material. 

„ The method of claim 90, wherein the sftuctnra. materia, comprises a meta, element, a 
meal alloy, a meta, compound, a ceramic materia, or an anti-refleotion matenal. 

92 An etching system for etching a mierostructure, Ore system comprising: 
an etchant source having a selected spontaneous vaporphase etchan,; 
a first chamber containing the mierostructure; 
a second chamber connected to the etchant source; 

a firs, circulation ,oop that connects the firs, chamber bu, no. the second chamber for 
anabhng me Cremation of me «cban, through me microsftuchrre in me e,ch chamber, an 

a second circulation ,oo P ma, connects me firs, and ,he second chamber for enabhng 
*. chorion of ,he Chan, through ,he micros— in .he etch chambe, and a provrsron 
of the etchant. 
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93. The system 
halide. 



of claim 92, wherein the etchant is a spontaneous vapor phase noble gas 



94. The system of claim 93, wherein the noble gas halide is xenon difluoride. 

95. The system of claim 92, wherein the gas etchant is a spontaneous vapor phase 
interhalogen. 



96. The system 



of claim 95, wherein the interhalogen comprises bromine trichloride. 



97. The system of claim 92, wherein the second chamber contains a mixture of the 
etchant and a diluent gas that is selected from N 2 , He, Ar, Kr and Xe. 
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